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(57) Abstract 

An all solid state battery power source which operates efficiently at room temperature. The battery includes a solid state proton 
conductor electrolyte (14), an anode active material (10) based on an aromatic organic compound capable of producing protons and 
electrons in an anodic reaction during battery discharge, and a solid cathode (12) capable of reacting with protons. The active materials can 
be chosen so that the battery has the feature that the eleccrochemical reactions are at least partially reversible. It is suitable for electronic 
consumer products, biomedical applications, electric vehicle applications, and the like. The battery can be fabricated in any desired shape 
without any special production precautions. 
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±x<Di^^^i^lfz.'^^mn^^m(omm\^•h^b79'^^^fl^o 
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commit. m^7!)^m^M^thtcmt. m^^^^^^i^tn'Os ^(nxo^at^w 

. lt^S(cffl^^p>i^'5<^, z.ihh(0^^'^^m\^. -feyu-Jfeffi^^Jci^^^^giit^ J; 9 
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^mmomi^mmmit. m^it. -^Tt^T^^m. ^v>^rv>'m (mpa) h 
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(Dm(Omi-i. 7|^H^#fF^ 4,024,036 t 4,594,297 iZ^m^tl. Z 
^^tltciyOii^t'^f^^o MPA RXJ^ TPA (DV^< o;0^O#t^^i^ Chemistry Lette 
rs 17-18 1979<^ 0. Nakamura et al. iCffePJ $ tttV^'So 

BulSV y K>^r-b (H(*:^^) m'Fmm(DV ^ ^^m<DyViyV 

^5 (Solid state Ionics 59 (1993 ^) p. 171, M. Tatasumisago, et al. 

) o h^^^n^m^wm 4,594,297 ^(Dx^K^V'^-y\^^^Y^xm\'^ibfitc 

Wk^ttfc^ y ^/^7J^>-^t/^i^p>(Dt)S^^*M'^^. v?^f n/w-^i^-^^- 
^^\,MD^mRx^^^mm^^^^o m(DmmtLxn. Nafion (-^/u^^u^d 

>^7P>;K>'#^'t';?h^^^^(*i-*t1*5 DuPont (D^^) . Nafion 112 , 115 RXJ^ 
117 . Flemion (Nafion izBfz. Asahi Glass Co. (D^U) . T-fe^/l- 
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i UT|^@fe'5V^{i^@|^{^-^$tl-Ct n7L\t Nafion {^^'fi^i: LT^Jffl 

i^^T^fc-Srt 'b^tgT'fc^o ^^y^^^'Ry^. 0*<^ Asahi Glass Co 

. Ltd. (D Selemion lli^r-atfo 

(Dum.ti^^^timmi'pjm^ii^^mt^TKmBi^^iE.xm.^iLxhiv^o mk. 
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mi 

mmm^^m-i. m^B^ 0.5 g Kndr/^ 2.0 g t^m^^m. 

T*«S-ff^^-fr. fO^^X. i^nm.'tm (A-l) t\.Xnhfltc, 0.105 g (^) A- 
1 ^^y^Ky:/®? (MPA) 150 mg ^Anx.. al:{-*5V^-C 33% t Kd^/ 

59% MPA. 8% m^i)^hfi^U 

(A-l-M) ^#fco 

It^^^-^i^Ji. -ST. ^ia 277 mg i:Mn02 2.464 g t 

-t-'3-^-fr^C^{-«fcoTi^Wrg'a''^ (C-1) t\.XnhfltZo 0. 106 g 
(D C-1 38% Mn02 , 58% MPA RX^- 4% W^^ii^hfl^ 148 mg ii^1BXhi^l1to 

111- -5 r t ft 5 i5 O fco 

E^SWt"'5fci^)(C. m-<D 0.2 ram J^^l&v— h^i^/^fe^l^Mrtt'fi^^^yjlo 

0.124 g oA-i-M m%i)^mmp^^^^'y- Y ±.\^u-t)^Mz.o m^(ommm^^ 

0.277 g (DMPA , ^ < ^ 1/;^ $tifc:|^^gfi'^i^$r^ik{-M 9 cfc 9 {'AP 
x.^i^f^o MPA a. ^^M'^^ix ^;6^fflv^f,tL'C. ^^1^^^±{C^< ^ixf:: 
„ It^^^!^ C-l-M 0.124 g 1)^. m<-f^^^Mz. MP 

A mi^?W^^^^i-IS9 ct 9{-^Px.ibi^fco ^-Oi/- h t l^•-/c^ll-E$&>'- 
^;65, /^feff^Mi^. C-l-M m.^m±.\^m-b^i\^. m-m^m^'^y vi)^m^^'y-v±. 
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mti:5M^-^^m}^^ivt.o tti:t)ibB$&iy- V. A-l-M . MPA . C-l-M RXIB^'^ 

mi&(0:ljBvi^P^h.tiy<y7' V-tMat. +0.584 7f;> htD^iUiig 

mU : H2Q < > Q + 2H + 2e- 

: Mn02 + H+ + e- < > MnOOH 

C;iT\ H2Q fit Kn=^/ Q f^=^r/ >^^^i?LTV>-5o ^l^-'^ 

1.550 )ift>h(Dtt^M(cT8B$rBi<^rBi^tt^ti/fco %m,<Di^t>'oiat. m 

J£itiSX^ +0.726 5ff/Ph-efcofc:„ m^-^Mt. 15 ^^(^^lll ClgmA^^t? 

i^m^it, 6 p (Z)r0is^3t«$tiT +1.018 j^juhomiE^M^fco ^(D^^nu^m 
m2 

A-2-M) it. MPA 150 mg tU-^t^Mc 350 mg (D A-1 ^^hmf^^i^fCo t«^oT 
, A-2-M ^S-a-iil^. aifcr 56% HQ . 14% B^RXJ^ 30% MPA ^•^A/1?V^f^:o 

It^^-^t) (C-2-M) it. MPA 150 mg tU-^htifc C-1 350 mg 75^f>ti;$$ 
tLfCo =B^oT. C-2-M ^g-g-tl^. fiftiClT 63% Mn02 , 7% m^RX/ 30% MPA i)^ 

hmf$.^ivfz.o mi^^mit. miot^mcxh^tzo mmi^-hTi^ c-2-m u 
i'f^fcibic. $t>(c-^< ^)ig$i^fco 'tjum<Dm^i^-hiti:mi^omm^t 

>y 7- ]) <Dm^^W,!±it +1.66 i-fit>-tb±^\-m^ +0.553 
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y^^V^(n>^Mn. 2 g (D/Bi^;iJ-^7K. 0.4 g ©^^^515^^. 5 g OMn02 % 

^V^^tLTM$^^. )^ 30 ^r^^MT-ggmf {-Tlt^^ixfco ^(O^^hX. 
X^X.'k.nm-i.. JKy^;^7^7Uv^- 1 mm (^^Ji:T?¥:^-fe 

^?iJl-t?ra$*L:/t¥)li^fflV>-C. iST? 36% (DW03, 6% H^^tl^ 58% UW- 
>!? 0.098 'SlXJ^ 0.120 5j?/^bT?feo;?J:o -fe/Wfix 150 J>><D^^X%.i)^ti^:i^U 

W03 + xH+ + xe- < > HxW03 

yto ^fi\t. mm^^^mK^M'i^mmt\.xmm^m\'^^nm<o±Mz.\t-<. 

J: ^J^-^iJ^Smi±5>^^W1--5-fe7l-^«Lfco ^'Jl irlDliJC. Mn02 R0« MP 
A «iii?K(D«fi5c{C|IICm*'^°--fe:/ hJi^fflV^'biX, 38% Mn02 . 4% -p-^^'y^y 
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y^M 58% MPA T'foofCo -fe/K^^ "9 0.533 ^Jl- h<Dmm^mi± 

i)^h^fz.o mi twwiY'^-^ i^x^(oWin.^. m^5>*{i. m^U'^^'^\^m^ 

ES^^^-fei/ hCOT-fe hT ^ y 7 3i^:R.t>^25a»-'-^— fe^- h(Dprovidone ^^5? — 

yx^^Rxf- }k?k mw^m'^tmi-^^t>-^hiifz.. x 33% , 

8% :R.t^ MPA 59% „ 'i^^t \.x^^fz.mmm.^m\^. mi\^WLm^h.fc:^mxw 

m7 

^(OmXit, t Kd^/>^ 800 mg MPA 1.4 g ^^t^Hl^ 
tK 10 cc d^^^tLfCo fl!l(0'b(D^^^/£V^ MPA }§^^(D^-^N-fi4oJ;^ 1 -e 
fco r(D^?i^-^|J^^;i-:/7K8 cc ^^hicmx.. me: 37 ®<^<S:M±-t'1i# L 

tii^hmi^fco m^t-<x(D7i^^^i!)mmLfct^. mmt^^iz. 
^<^x^m^m^titCo f^^tLx±]^tcm'ti!^w (Y) ^iBtv^#feTfoo 

fdo fe:/ h-C 33% Y , 8% ||$&^t)« 59% MPA ^^t^mmf^^<^it. m 

1 illHi{--fe/^^it5fc«?)(CfflV^^iLfc:o Z(D-kMat 0.455 *>h(D^lHl3§ 

m8 

mi tmm{::mm. mnmRxfmmomF^x-^/i^tHft^htco l^^l. -m 
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0.565 )*;>h^irT-fcofCo ^<$/T!J/Nli7>^^:/t LT|>C|fy7;^^>yi5'5^^ 

m9 

mmRxj^mmt^^!^. Rxj^mw-mmm^<o^vyh'v^^m (mpa) ^^^^^^ 
:^hmm (TPA) iz.i-^^hMcu^^\t. i^n tmm^^^^1yTU'ir;ui)^^ibh.fco 

h^fz-i)^. ®j|?«^CfflV^^^^fc TPA 493 mg T'feofCo ^ (^-fe/K^rjaH] 

»§SJEtt 0.591 T^fcofCo 1^I^C^{4^TT% >S■ffl^c^^^^/^^'-^^i#tt■S 

10 

(O'^m.^^-'^l^y'-^JXm^.^illto -ftli^-t^ 33.3% THQ , 8.3% MPA RXj- 58. 

3% mm^o mun. 75% mM^^mt-^^y^^^y. 21% mpa w 4% ^aa^^ 
*5ft6 12 mm m^f$.mm(omm:^v-yitTju-^^ hxh^o ^mmmi^. r 

±IBfll;?fe<^-fe/KoAM^i^^j:^li]SSSJ±«. -0.790 t^h +0.780 xK/vhr* 

fc5o ^(^.t ^i\.^h.m 0.720 0.550 xK/l- h CDSIjftei±T\ 

h/H;io^ 0.13 /6^f>7 mA <z)^ia(^«»l^'^(ctB^^i-61gfet:ft 
^^■h^%^tzMWlY\^^l^\z.1kn.^^tz.r> r(Z)-feyKcj;oT. +0.400 xPVuh 

m 11 
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M'^'--^A^i^'5o -o©^{cjov^•c^i. Nafion mi^^mi^mmnB^U'^^ 

tjgi?. Nafion -dmitir^Oy^n^tCo Nafion fi. TKti^^B^ CfcJ?>{C, 

V^TI^. Nafion it. 7Kti^^E^C:fc«?)(C, I/:^ $*Lfc-< 1^5/ 

M 13 

m 14 
m 15 

ntm'^hri^o :i(Dx^{cLx^Ttiy^vm(D7KfQ7k7!)m'^^h.^o -o(Dm 
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m 16 

tco Wi^(omm^W.f±n 0.502 #7Uh-r'fcofco ^i:ih(Dm^TX(OMcM\t. 

m 17 

« 0.524 xK/u h-efeoyto ^i^l^±(D^flk^tnt^:t>tlti:i^^^1to 
0ii 18 

S^ttfco ^;]i6<Dr^|El!^MJ±« 0.528 S^UhXh-ofZo Ztlh(D^i^TX(DMii 

m 19 

fOrganic Syntheses, Collective Volume 5j John Wiley and So 
ns. New York, pp. 595-7 KUm^i^lIt^ oimmmmt^^i^^^^'X^^^ 

'^=k^A,x\ m 10 (0 1 ^ tmm^-t^i^m'fi^fifco m^^m.f±\^ 0.9 xftvuh 

x*h6o ±Mt^^:ff±y^^-hM^^^is^^ 0.7 tnA xikm.^initc 

20 

ic±/ui!i^i^hhWim^h.fc, y])sb(Dmm^mB\t 0.556 -^^^uvxh^tio 
21 



^ I (33) 9-50848 7 

•kyW 87.5 (D MnS04-lH20, 8.5 (D MPA J^Xf4(0 Texas Shawinigan — 

y-fy y ^ f)^^mf^^i^it^:xmt. m lo 0 1 ^ tmm^^±^i-m¥hivtio -fe/u 
nm^ A -2. bah z V - v 

1,000 7.6 0.13 

500 7.3 0.26 

237 6.8 0.53 

100 5.6 1.32 

4 7. 1 

22.5 7.6 
55 4.3 

■^mZ-X 1,000 AT*it^m$tLyc:-fey^{e:JtLT(^^fii/- h<^^^;65|¥ 

C i/-- h §Mx bAH 
0.5 0.07 7.8 
2 0.26 7.6 . 

4.75 0.63 8.0 

6 0.79 6.4 

9.45 1.24 4.2 

C/8 j^mu-ht?, -tryufl. tJ]«?)(^S*{-*ft-C 20% 

0ij 22 
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/V^T'foofc (V^m-b-TK-fbW^) o -fe/Hi. ST 2.28 mA tt»ST'^« 

$;h.. m^ikm,L1to ^m.(DBmt. mm)2 ^ niooh Sfcrh^t Kd 

=^ri/=3ry^ (THQ) fc^V^^Dv'y'V^ (RDZ) ^^^Jr f- 1 K D :^rv^^:^-feV (HH 



^%^r^ OCV 

THQ 4.1 1.088 

THQ 4.1 1.286 

RDZ 8.3 1.225 

RDZ 8.3 1.170 



m 23 

MnS04-lH20 RtJ^^i±m^Wt LX0 \> V ^ / ^ ^^^^h^l^^B^^ LX 

^m^n^fM^2 DiA xnfii^^fco ^{c-fe/Ki 1,000 ^-A:t#^in^L-c 

^ffc^^fg^k i^ts oAH ccv 

2 RDZ 6.2 0.9 ^ )V Y 

4 THQ 6.7 0.9 jK/I' h 

6 HHB 6.9 0.9 /I' h 

24 

m{^^B<^MtLx RDZ >^rfflv^T^j 23 (D t ^ tmm^-t^^i>^{^hixn^ 
^A^m^^it Mm-^iifzmm^^m nm bah ccv 

2 THQ 7.7 0.85 h 

4 HHB 8.2 0.85 ^ ?^ h 



« 
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m 25 

^my<—kyh7(D MnS04-lH20 ^ Bi203 X^m^^^XM 21 tloI^lC-fe: 

/uii^i^hMco WcMO) ie% om^-^ o. 13 c hxlikM^ti. 0.26 

c I/- ht^s^ixfco 51 -^^^/i-m^. ^)]i^(Dmm^^hmH:i 7% o^*)^ 

26 

Jiy-?— bCDTHQ, 16 Ei^-^^-fe h (^Shawinigan — y V . 15 

— h MnS04-lH20, 8 S*/-?— fe >^ b O Shawinigan — ^ J' ^ > 

jc TPA ^^^L. ^Mm^y )\>Mz.m&\^x'mj^^fitrL, 

0^%%}-% 0.1 c v—YxUf^^ih^ ^(c 0.05 c I/- ^-C^r^fl:$i^fCo 
(n>^^^yX:^^'^)V^—^m^ 140 180 hB$/y i/ h/l-cO^|S{c:S.Ay^cf 

xh6o 

m 27 

momtLx. i^(Dmf$.xM 26 <Dt^ tmmi^-^^^ii)Hfh 

ixfco PIMfigtS. ?iit^7K^-^-e?lLfc:THQ /Shawinigan :*-#>'y^y^<^ 
aft^#Jt;6^ 1:1 -efc^o ^^iga-a-f^, M7Ki§^^T*Sf>^ttfcMnS04-lH20 / 
Shawinigan ^ 3:i Xh^o ^mi^BH^ ti ti :^ 

/un-si^it^titiyr-]) ^"^i^i^Xh^o 0.3 c I/- hT'5t5>{-*fe 
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m 28 

h^tio ^fbii Dowex 50WX8 t bTf^T^^:^^TV^5o ^(OmUf^^n^ 

m 29 

^XiuT=-^) y^B.X^^^(r> THQ ^S^1^X.T. 27 (Dt^tmm^ 
'^jviiH'^h^^hfZo ^hK. nM%\-i. 26 {c4oV^Tl^,P^$i^■CV^5o i mm I? 
(Z)a@<^^1~5-fe>'^;i^?>x 400 mA / cm2 (D/-?7P^»S;6M#f>ixfc:o ri^f><D-fe/^ 
(^J:o-C. 100 |H](Z)^^i!S[fl:f-^i5'>'^:65^ 4 - 40 mA / cin2 (DmM<OmM^^ 
Xmhih. %fz. 400 m(D25%mW.-^^ ^^^i^^^^^tlo i^V^m^i^^^T*«. 
-nx^^ii^^ 97% T*fo-5o WiMO) 3C ^4cO^^/j:^^(i/i 
Vn;65^ 4 C I/-hT\ 0.2 C U^htitWlVXiSX^ 20% i^^i^'f-'So 

1500 i^^^/pi^xi;^^ ^mtj/miikm^^ ^ vy^m^xnhh.i>o rttf>o 

jb^ct^ -0.5 d?7Uh-^MJW{c:^fc«^;Jifc^'b#ii{ci^-'r ^/i-Lifco ::<^{b 
^^5><^-fe^^«. 100 cm2(7)g|{iir^6<)S@Wf®HaX't£;K:$ttfco -^ti 

titco 0.5 M t<Dm<Dm^ (om^om^K y<^yT ]) ^i'fWit^tcm^im 

fbil^^tLT-b J;v\ THQ ^(OTKlP^ixfc, ^fci^7KfP$i^TV^/^iV^^^^- 

30 

, 29 (Dt^tmm^^■t^^7l)^'f(bfltz.o m:}f(Dmm^<Dmmi^ hci ^t/ hf 



' , (37) 9-508487 

^i^m^t^mmLtco m 31 m^^m:t^i^h'(DmtLx cuo i)mmm^<^n 

imi] 

m 1 
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